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(54) PRODUCTION OF ULTRAFINE PARTICLE METAL OXIDE COMPOSITION AND 
ULTRAFINE PARTICLE ZIRCONIUM OXIDE COMPOSITION OBTAINED THEREBY 

(57)Abstract: 

PURPOSE: To obtain a composition having high density and large strength and especially 
suitable as zirconia ceramic raw material by solubilizing an aqueous solution of salt of a 
metal different from a metal of a metal alkoxide in W/O type microemulsion and then 
adding the metal alkoxide to the solution and hydrolyzing the metal oxide. 
CONSTITUTION: When ultrafine-particle metal oxide composition is produced by 
hydrolysis reaction of a metal alkoxide in surfactant-water-nonpolar organic liquid based 
W/O type, the reaction is carried out as follows: An aqueous solution of salt of one or more 
kinds of metal different from a metal contained in a metal alkoxide are solubilized in W/O 
type microemulsion and the metal alkoxide is added thereto and hydrolyzed to provide the 
aimed composition. The ultrafine-particle zirconium oxide composition obtained by the 
above- mentioned method is a composition containing oxide of at least one metal selected 
from Ca, Mg, Y and lanthanoid based element in particle unit and uniformly dispersed 
state and having £l000&angst; particle diameter. 
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PARTIAL TRANSLATION OF JAPANESE UNEXAMINED PATENT 
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SCOPE OF CLAIM FOR PATENT 

1. Title of the Invention: 

Production Process of Ultrafine Particulate Metal 
Oxide Composition and Ultrafine Particulate Zirconium Oxide 
Composition Obtained by the Process 

2. Claims: 

1. A process for producing an ultrafine particulate 
metal oxide composition by the hydrolysis reaction of a 
metal alkoxide in a surf actant-water-nonpolar organic 
liquid-based W/O-type microemulsion, wherein an aqueous 
solution of a salt of one or more metals different from the 
metal contained in the metal oxide is solubilized in a W/O- 
type microemulsion, and a metal alkoxide is added thereto 
and hydrolyzed. 

2. An ultrafine particulate zirconium oxide 
composition containing an oxide of at least one metal 
selected from calcium, magnesium, yttrium and a lanthanide- 
based element, in a particle unit and in a uniformly 
dispersed state. 
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[Object] 

An object of the present invention to provide a 
zirconium oxide fine particle raw material enabling the 
production of an excellent zirconia ceramic with high 
density and large strength and satisfying the above - 
described conditions, and a production process thereof. 
[Construction] 

As a result of intensive studies to achieve the object 
above, the present inventors have found that the object can 
be attained by providing a process for producing an 
ultrafine particulate metal oxide composition by the 
hydrolysis reaction of a metal alkoxide in a surfactant- 
water-nonpolar organic liquid-based W/O-type microemulsion, 
wherein an aqueous solution of a salt of one or more metals 
different from the metal contained in the metal oxide is 
solubilized in a W/O-type microemulsion, and a metal 
alkoxide is added thereto and hydrolyzed. 

According to the process of the present invention, an 
ultrafine particulate zirconium oxide composition suitably 
used as a zirconia-based ceramic raw material is obtained. 
The ultrafine particulate zirconium oxide composition 
obtained by the process of the present invention is an 
ultrafine particulate zirconium oxide composition 
containing an oxide of at least one metal selected from 
calcium, magnesium, yttrium and a lanthanide -based element, 
in a particle unit and in a uniformly dispersed state, and 
having a particle diameter of 1,000 A or less, preferably 
300 A or less. 

As for the method of producing a metal oxide substance 
particle by the hydrolysis reaction of a metal alkoxide in 
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a W/O-type microemulsion, the method disclosed in Kokai 
(Japanese Unexamined Patent Publication) No. 53-185802 is 
known, but the present invention is characterized in that 
after an aqueous solution of a salt of one or several kinds 
of metals different from the metal contained in the metal 
alkoxide is solubilized in a W/O-type emulsion, a metal 
alkoxide is added thereto. 

For producing the fine particulate material of the present 
invention, this may be attained by solubilizing an aqueous 
solution of a salt of at least one metal selected from 
calcium, magnesium, yttrium or a lanthani.de -based element 
such as cerium, which works as a stabilizer when sintering 
a zirconia-based ceramic raw material, in a surfactant- 
water-nonpolar organic liquid-based W/O-type microemulsion 
phase, adding a metal oxide thereto, and hydrolyzing the 
metal oxide. The ratio of the metal salt to the zirconium 
alkoxide may be determined such that the zirconia-based 
ceramic raw material sintered is most highly stabilized, 
and usually, the ratio is preferably from 1.0 to 30 mol% 
(more preferably from 0.1 to 10 mol%) . Examples of the 
alkyl group in the metal alkoxide for use in the present 
invention include a methyl group, an ethyl group, a propyl 
group and a butyl group. The hydrolysis reaction is more 
advantageously performed in the presence of a catalyst, and 
examples of the catalyst which can be used include sulfuric 
acid and hydrochloric acid. Examples of the metal salt 
include a sulfate, a halide, a nitrate and an acetate, but 
since the solubility of the salt in water varies depending 
on the kind of the metal, a metal salt having a high 
solubility is preferred. Furthermore, this production of a 
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fine particle by the hydrolysis reaction is preferably 
performed under stirring. 

A microgel dispersion containing the thus -produced 
metal oxide ultrafine particle of the present invention is 
taking on a state that the hydrophilic group side of the 
oil -soluble surfactant is firmly adhered or adsorbed to the 
ultrafine particle body and this is dispersed in the 
nonpolar organic solvent. The microgel for use in the 
present invention is water- insoluble by itself and 
therefore, can be dispersed in both aqueous and lipophilic 
mediums. Accordingly, in the production of an ultrafine 
particle of the present invention, the dispersion medium 
may be later changed from the organic liquid to water. 

The zirconium oxide ultrafine particle having 
uniformly dispersed therein an oxide (sintering stabilizer) 
of at least one metal selected from calcium magnesium, 
yttrium and a lanthanide -based element such as cerium, in a 
particle unit, obtained by the present invention is a 
spherical particle having a particle diameter of about 
1,000 A or less (usually called an ultrafine particle) and 
has a sharp particle diameter distribution. This is an 
important factor for obtaining a stabilized zirconia 
sintered body, in addition to uniform dispersion of the 
stabilizer. 

Examples are described below. 
Example 1 : 

Production of an ultrafine particle was performed 



using cyclohexane as the nonpolar solvent, using yttrium 
sulfate and zirconium tetra-n-butoxide as the metal salt 



using NP-6 : 



9 n 19 




0 (CH 2 CH 2 0) 6 H 



as the surfactant, 



. 4 _ 



and the metal alkoxide, respectively, and using sulfuric 
acid as the catalyst. First, an aqueous H 2 S0 4 solution 
containing yttrium sulfate in an amount of 10 moll based on 
zirconium tetra-n-butoxide which is added later was 
solubilized in a 0 . 2 mol/kg NP- 6/cyclohexane solution. 
When this reached a solubilization equilibrium after the 
passing of a given time, zirconium tetra-n-butoxide was 
added, and the mixture was stirred with a magnetic stirrer, 
thereby completing the hydrolysis reaction (25°C) . After 
stirring for a predetermined time, the reactant was sampled 
on a mesh, and the particle shape, particle diameter and 
the like were observed through an electron microscope. 

Fig. 1 shows the solubilized state of the aqueous H 2 S0 4 
solution/NP-6/cyclohexane system. A spherical clean 
ultrafine particle free from aggregation was obtained when 
the molar concentration ratio Ra: [H 2 S0 4 ] / [NP-6] was 0.3 or 
less and at the same time, the molar concentration ratio 
Rw: [H 2 0]/[NP-6] was 15 or less. 

Under the conditions of Ra=0.1, Rw=5 and an alkoxide 
concentration of 0.1 mol/kg, the system was stirred for 120 
hours, as a result, a spherical zirconium oxide ultrafine 
particle having an average particle diameter of 280 A was 
obtained. This zirconium oxide ultrafine particle was 
found by the elemental analysis to contain about 1 mol% of 
yttrium oxide. 
Example 2 : 

The production was performed in the same manner as in 
Example 1 except that calcium chloride was used in place of 
yttrium sulfate used in Example 1 and the conditions were 
changed to Ra=0.15 and Rw=10, as a result, a spherical 
zirconium oxide particle having an average particle 
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diameter of 520 A was obtained and this ultrafine particle 
was found by the elemental analysis to contain about 1% of 
calcium oxide. 
Example 3 : 

The production was performed in the same manner as in 
Example 1 except that the conditions were changed to 
Ra=0.15 and Rw=5, as a result, a spherical zirconium oxide 
particle having an average particle diameter of 350 A was 
obtained and the elemental analysis result thereof was the 
same as that in Example 1 . 
(Effects) 

The production process of an ultrafine particulate 
metal oxide of the present invention is a simple and easy 
process comprising preparing a W/O-type microemulsion 
having solubilized therein a metal salt-containing aqueous 
solution, adding a metal oxide thereto, and stirring the 
mixture, so that mass -production can be easily performed in 
industry by simple production means at a low production 
cost. Also, according to the process of the present 
invention, a fine particle having a sufficiently small 
particle diameter (1,000 A or less, preferably 500 A or 
less) and a sharp particle diameter distribution is 
obtained and when sintering this fine particle, the 
sinterability is greatly enhanced, so that the sintering 
temperature or sintering time can be reduced and in turn, 
the production cost of the sintered body can be lowered. 

Specifically, the zirconium ultrafine particle 
obtained by the process of the present invention is a fine 
particle where a metal oxide as a sintering stabilizer is 
uniformly dispersed in a particle unit, so that a 
zirconium-based ceramic remarkably stabilized as compared 
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with conventional products can be produced. 



